Introduction !
The primary goal for all breast cancer (BC) patients undergoing breast-conserving (BCT) or oncoplastic surgery (OPS) is to achieve tumor-free margins in a single surgical procedure. However, it is not uncommon for BC patients to undergo more than one surgical procedure before they achieve tumor-free margins [1] [2] [3] . In patients with invasive ductal carcinoma (IDC), an accompanying ductal carcinoma in situ (DCIS) is diagnosed in approximately 30-60% of cases, making the primary attempt to achieve tumor-free margins challenging [4, 5] . Positive or close margins after BCT are described in up to 40 % of patients with re-excision (RE) rates of up to 57 % in pa-Abstract ! Background: Controversy continues over the impact of re-excision (RE) on local recurrence (LR) in patients with invasive breast cancer. Patients and Methods: We investigated factors which could effect RE rates in patients undergoing breast-conserving or oncoplastic surgery. Between 2000 and 2003, 489 patients with stage pT1-pT2 or pN0/1 tumors were evaluated. 74 patients fulfilled the inclusion criteria. Patients were categorized into 3 groups: no RE (n = 25), RE during primary surgery (n = 28), and RE performed during secondary or even tertiary procedure (n = 21). All tumor slides were re-evaluated by a pathologist specializing in breast cancer. Results: Mean follow-up was 70 months with an overall LR rate of 4.1 %. Binary logistic regression revealed no tumor-specific risk factors for RE. There was no LR in the group of patients who did not have RE. There was one case of LR in the group of patients who had RE during primary surgery. Two cases of LR were observed in the group of patients who had two or more surgical procedures. Conclusion: New risk factors for increased RE rates were not observed, reflecting the inconsistent data on risk factors for RE. However, breast cancers should be excised in a single procedure and oncoplastic procedures should be considered. tients with accompanying DCIS [6] [7] [8] . National and international guidelines recommend mastectomy if no adequate margins are achieved after repeated RE [9, 10] . However, no limits have been placed on the number of RE procedures undertaken until mastectomy is advisable. Whether the need for multiple RE procedures is associated with an increased risk of local recurrence (LR) is still controversially discussed [3, [11] [12] [13] 35 ]. If OPS is done, it is possible to remove larger volumes of up to 20-40 % of the initial breast tissue without compromising the oncologic or esthetic result [14] . The goal of BCT and OPS is to achieve adequate margins with optimal loco-regional tumor control and optimal cosmetic results but without compromising oncologic safety. The purpose of this study was twofold: firstly, to determine the factors associated with an increased risk for RE and secondly, to investigate whether the rate of LR is correlated to the number of RE in BC patients undergoing BCT or OPS.
Zusammenfassung

Patients and Methods
!
The data of all patients with pT1-pT2 tumors undergoing BCT or OPS in a single institution (Breast Cancer Center Rheinfelden, Germany) between January 2000 and December 2003 were retrospectively reviewed. Inclusion criteria for the study were: preoperative, histologically confirmed BC (by high-speed biopsy), tumor stage cT1-2, nodal status cN0-1, no distant metastasis, primary planned procedure either BCT or OPS (local and glandular flaps, local advancement flaps), invasive carcinoma, complete data of follow-up and patients to receive postoperative radiation. Exclusion criteria were: tumor stage > cT2, lymph node status > pN1, distant metastases, bilateral carcinoma, not eligible for BCT or OPS, patients without complete data of follow-up, incomplete or unavailable histological data/slides, histological evaluation performed by someone other than the reference pathologist, and patients with only DCIS or LCIS (lobular carcinoma in situ). Patients were divided into 3 groups: group 1: no RE necessary; group 2: RE done during primary surgery; and group 3: RE in two or more surgeries. All tumors were localized preoperatively using needle localization. Frozen section margin examination was done intraoperatively to examine whether margins were tumor-free. If tumor margins were positive, RE was performed during the same surgical procedure. No additional frozen section of the RE specimen was done. If margins were still positive in the final histological report, patients were scheduled for RE. All patients in group 3 were informed preoperatively of their potentially increased risk of LR, and mastectomy was recommended. If the patients requested it, a third RE attempt was performed. All histo-pathological slides were re-evaluated by one of the coauthors (HM), a pathologist specializing in BC histology. The primary TNM stage was re-evaluated based on the recommendations of the UICC, 6th edition of the TNM system [15] . A positive margin was defined as a margin of less than 1 mm for the invasive cancer and of less than 3 mm for the DCIS. These margins were recommended by the pathological reference institute, as there was no international consensus on margins for DCIS at the time of surgery. The following data were taken from the histological reports: resected volume, diameter of the invasive cancer and/or DCIS, margin status of the invasive and/or in situ component, presence or absence of an in situ component (intratumoral and/or peritumoral).
All patients with positive hormone receptors received endocrine therapy (tamoxifen) and adjuvant radiation therapy. Chemotherapy was administered to all patients with positive lymph nodes and to high-risk patients with negative lymph nodes, in accordance with national guidelines [9] . Statistical analysis was done using SPSS (version 15, SPSS Inc., Chicago, IL, USA). Descriptive statistics were computed for continuous and categorical variables. F-test was used to compare means of groups and χ 2 test to compare numbers in groups. Data are presented as mean value ± standard deviation; a p-value < 0.05 was considered to be statistically significant. Binary logistic regression analysis was used to reveal unadjusted significant associations between prognostic variables and the likelihood of RE. For statistical analysis, groups 1 and 2 were merged into a "single surgery" group to identify possible risk factors predictive for additional surgery.
Results
!
Patient characteristics and treatment
127 patients fulfilled the inclusion criteria and were contacted by post to ask about the further course of disease (l " Fig. 1 ). 94 patients (74 %) responded. 20 of the 94 patients were excluded, because they did not qualify for BCT and underwent salvage mastectomy within 1-4 months after initial surgery. The remaining 74 medical records were analyzed with respect to the number of RE procedures and surgical procedures needed to achieve tumor-free margins. Other data collected included age, type of surgery, tumor stage, nodal status, grading, hormone receptor status, extensive intraductal component (EIC), mean resection volume, tumor size and LR (l " Tables 1 and 2) . Median follow-up was 71 months (SD: ± 12 months, range: 44-91months). 29 patients (39 %) had accompanying DCIS and 45 had IDC (61%) alone. Pathologic margins were all negative after final excision or RE.
Surgical aspects
40 patients had BCT and 34 patients underwent OPS. An additional surgical procedure was needed in 30 % of BCT patients and 27.5 % of OPS patients. The mean resection weight in grams was higher in the OPS group compared to the BCT group (p < 0.002). Younger age was associated with increased rates for OPS (p = 0.019).
Re-excision
Tumor-free margins were achieved during primary surgery in 53 patients (71.6%). In 25 (33.8 %) of these patients no RE was necessary during surgery while 28 (37.8 %) patients had one RE during primary surgery. Twenty-one (24.8 %) of the 74 patients were scheduled to undergo a secondary surgical procedure, and 3 of these needed a third surgical procedure to achieve tumor-free margins. RE rates in the OPS and BCT groups were comparable (p = 0.58). Tumor-free margins were achieved during primary surgery in 70 % of patients in the BCT group and in 73.5 % of patients in the OPS group. Binary logistic regression of factors predictive for increased risk of RE at initial surgery showed no patient-or tumor-related characteristics as independent predictors for RE (l " Table 3 ).
Local recurrence rate 71 patients were disease-free. Mean time to LR was 33 ± 21 months (range: 10-51 months). Overall, LR occurred in 3 patients (4.1 %). One LR occurred after one additional procedure for RE (group 2) and the remaining two LR occurred in patients who underwent three surgical procedures (group 3). The patient with LR in group 2 had OPS, while the patients with LR in group 3 underwent BCT.
Discussion ! Aim of this study was to identify risk factors for RE and LR in patients undergoing BCT and OPS. The presence of lymphovascular invasion or associated DCIS correlated positively with positive margins. Although our results do not show any new aspects, they reflect the inconsistent data and controversial discussion of risk factors for RE. Other studies reported increased RE rates in younger patients and in patients with EIC or DCIS, which we could not confirm [3, 16, 17, 36] . Other factors such as multifocality, tumor size (> 3 vs. < 3 cm; > 2 vs. ≤ 2 cm and T3 tumor vs. T1-T2 tumors), micro-calcifications, presence of EIC, age (≤ 45 vs. > 45 years and < 50 vs. ≥ 50 years), negative estrogen receptor status, lobular histological type, absence of preoperative diagnosis, or diagnosis by excision biopsy (vs. other) have been described as individual risk factors for RE [3, 18-24, 37, 38] . Of these, only multifocal disease, lobular histological type, presence of micro-calcifications or EIC, age and tumor size have been independently reported in two or more publications as predictive for possible RE [25] . An observational study of 2206 women reported an overall RE rate of 22.9 % with substantial variations between surgeons and institutions following partial mastectomy [26] . Meier-Meitinger et al. identified tumor size and accurate pre-surgical tumor staging as independent predictors for the need of a second surgical procedure or mastectomy [27] . The most consistent and reliable risk factors for RE appear to be the presence of micro-calcifications, EIC, and lobular histological type. With the improvement of mammography techniques including the introduction of full-field digital mammography, micro-calcifications and their extent can now be identified better; this is important as higher mammographic density is also associated with a higher risk for a secondary surgical procedure following BCT [23] . Our data highlight the difficulties of assessing whether data are correlated with RE rates. In our view, risk factors for RE, with the exception of lobular histology, are not necessarily related to tumor biology but more to the limitations of imaging techniques [28, 29, 35] . The observation that younger patients have a higher risk of RE is not surprising, as breast density is higher in younger women (American College of Radiology [ACR] grade 3-4) [23] . Age is correlated with breast density and this in turn affects the likelihood of requiring RE. In our cohort, younger patients, in whom the interpretation of mammography data was potentially more difficult, tended to have OPS rather than BCT. The impact of multiple REs on LR could not be investigated in our study due to the low numbers of events, but multiple REs do not seem to have an impact on LR rates if negative margins were obtained [2, 12, 30] . Coopey et al. reported an acceptably low risk of local and systemic failure when negative margins were achieved, irrespective of the number of previous REs [31] . New technologies which could detect tumor cells at, or close to, the margin of resection immediately after excision could increase the rates of complete excision at primary surgery, resolving the discussions about RE rates in the future [32] . First results using a radiofrequency-guided spectroscope to assess intraoperative margins are promising and could significantly reduce the RE rate [33, 34] . Accurate preoperative tumor assessment and the use of Increased tumor-free margins (in mm) were achieved with increased numbers of re-excisions.
OPS: oncoplastic surgery; BCT: breast-conserving therapy; § no difference whether BCT or OPS was performed (p = 0.86) elastography, MRI or automated whole breast ultrasound are additional technologies which could reduce RE rates [27] . Our study had some limitations. It was performed retrospectively. Although all patients who did not qualify for BCT and who had salvage mastectomy within 1-4 months after the first operation were excluded, the number of patients who chose mastectomy rather than RE is unknown and may have biased the results. The same applies to the limited number of patients. The reason for the high rate of REs in the whole cohort is unclear, as it does not represent the actual RE rate in our daily practice. It could be explained by the high number of patients who did not fulfill the inclusion criteria, which may have biased the overall RE rate. An additional limitation was the differences in systemic treatment, as some patients received chemotherapy and others did not. Nevertheless, all patients were treated in accordance with national guidelines, the aim of which is to guarantee adequate treatment with regard to LR and tumor stage.
Conclusion
!
Our data did not reveal new risk factors for RE and reflect the inconsistent data and controversial discussions regarding risk factors for RE. However, we are of the opinion that breast cancers should be excised in a single surgical procedure and oncoplastic procedures should be considered. New technologies which could assess the preoperative tumor size and intraoperative margin status more accurately might reduce RE rates.
